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(54) Shift control device for automatic transmission 



(57) In a shift control device for an automatic trans- 
mission capable of switching from a normal automatic 
shift control to a drive-downshift forcible termination 
control when a time rate of change in transmission input 
speed is reduced to below a threshold value owing to a 
drop in transmission input torque during drive downshift 
from a higher gear position to a lower gear position with 
an accelerator pedal depressed, a drive-downshift for- 
cible termination control section is provided. The drive- 
downshift forcible termination section executes the 
drive-downshift forcible termination control only when 
the time rate of change in transmission input speed is 
reduced to below a first predetermined threshold value 
and a value equivalent to the transmission input torque 
is reduced to below a second predetermined threshold 
value, to forcibly terminate the drive downshift. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a shift control 
device for an automatic transmission, and particularly to 
a technique for transient downshift control executed 
when a value of transmission input torque becomes re- 
duced to below a torque value needed to advance a shift 
during downshifting with an accelerator pedal de- 
pressed (with a throttle whose opening increases) or in 
a power-on condition of the vehicle. 

BACKGROUND ART 

[0002] As is well known, automatic transmissions in 
automotive vehicles operate to determine a desired 
power flow or a power-transmission path in a power 
train, that is, a desired transmission range gear mode 
(a desired gear position) by selectively hydraulically op- 
erating friction elements such as a plurality of clutches 
and brake bands, and to perform shifting from a range 
gear mode to another range gear mode by properly 
switching engagement/disengagement of each of the 
friction elements- in determining the desired range, gear 
mode matching to engine/vehicle operating conditions, 
the automatic.transmission uses a throttle opening (re- 
garded as engine load) and a vehicle speed. A shift pat- 
tern is preprogrammed, so that a lower gear is selected 
as the throttle opening (engine load) increases. There- 
fore, when the driver depresses or pushes the acceler- 
ator' pedal (or throttle pedal), downshifting to a lower 
gear occurs. Such downshifting with the accelerator 
pedal depressed will be hereinafter referred to as a 
"drive downshift" or a "power-on downshift". Conversely, 
when releasing the accelerator pedal from the de- 
pressed state, upshifting to a higher gear occurs . Such 
upshifting with the accelerator pedal released will be 
hereinafter referred to as a "coast upshift". Usually, the 
previously-noted drive downshift is achieved as follows. 
[0003] At the former stage of the drive downshift, the 
transmission input speed begins to rise by virtue of the 
transmission input torque owing to a drop in working- 
fluid pressure applied to each of friction elements to be 
disengaged or released (that is, owing to a drop in work- 
ing-fluid pressure on the released side), and thus each 
of the friction elements to be disengaged or released 
begins to slip, with the result that an inertia phase starts. 
At the latter stage of the drive downshift, an electronic 
transmission controller determines that the inertia 
phase has been terminated as soon as the transmission 
input speed reaches an after-d rive-downs hift-termi na- 
tion synchronous speed, and then the controller com- 
pletes the shifting operation by a rise in working-fluid 
pressure on the applied side). In this manner, a drive 
downshift is smoothly achieved with less shift shocks. 
However, if the current engine/vehicle operating condi- 
tions (including the current throttle opening) change, for 



example, in the event that the accelerator pedal is re- 
leased from the depressed state, engine power output 
tends to drop. Thus, the transmission input speed itself 
cannot rise. Under such a condition, there is a tendency 
5 for the transmission input speed to decrease. When an 
effective gear ratio i (= N,/N 0 ) of the transmission input 
speed (or turbine speed) N t to transmission output 
speed N Q reaches an after-drive-downshift-termination 
gear ratio, the controller usually determines that the 
10 transmission input speed rises up to the previously-not- 
ed synchronous speed and thus the inertia phase has 
been terminated. For the reasons set forth above, in the 
presence of the release of the accelerator pedal after 
depression, there is a possibility that the effective gear 
15 ratio cannot rise intendedly, due to the undesirable de- 
crease in transmission input speed N t . In this case, the 
inertia phase cannot terminate for a long period of time. 
In other words, the system has difficulty in accurately 
determining a timing of termination of the inertia phase. 
20 This prevents a smooth shifting operation, that is, a 
smooth drive downshift and a properly timed inertia- 
phase termination. To avoid this, Japanese Patent Pro- 
visional Publication No. 6-129528 (hereinafter is re- 
ferred to as "JP6-129528") teaches the rise in working- 
25 fluid pressure on the applied side at a first predeter- 
mined time rate of increase and the drop in working-fluid 
pressure on the released side at a second predeter- 
mined rate of decrease, regardless of the decision result 
based on the effective gear ratio (N t /N 0 ), for forcibly ad- 
30 vancing drive downshift in the presence of the return of 
the accelerator pedal from the depressed state to unde- 
pressed state during the drive downshift. This control 
will be hereinafter referred to as a "drive-downshift for- 
cible termination control". In the system disclosed in 
35 JP6-129528, an electronic transmission controller de- 
termines that the accelerator pedal is returning from the 
depressed state to undepressed state, when the trans- 
mission input speed tends to reduce during the drive 
downshift. However, there are some drawbacks, if the 
40 controller uniformly determines the presence or ab- 
sence of the return of the accelerator pedal from the de- 
pressed state to undepressed state by way of detection 
of a drop in the transmission input speed N t during the 
drive downshift. 



45 



SUMMARY OF THE INVENTION 



[0004] Assuming that a command value of the work- 
ing-fluid pressure on the released side is reduced ac- 

50 cording to a preprogrammed time rate of decrease when 
downshifting occurs due to a stepwise increased throttle 
opening, there is a possibility of great shift shocks. To 
avoid this, Japanese Patent Provisional Publication No. 
10-47468 (hereinafter is referred to as "J P1 0-47468") 

55 has disclosed a downshift control device that ensures a 
smooth and moderate rise in the turbine speed N t by 
way of a temporary rise in the command value of the 
working-fluid pressure on the released side during the 
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inertia phase. However, in the presence of negative 
transmission input torque fluctuations, in the presence 
of positive fluctuations in a friction coefficient of the fric- 
tion element to be released, or in the presence of posi- 
tive fluctuations in working-fluid pressure applied to the 
friction element to be released, there is an increased 
tendency the transmission input speed (turbine speed) 
N t to reduce during the inertia phase. Under such a con- 
dition, suppose the previously-described way (of 
JP6-1 29528) to determine the return of the accelerator 
pedal from the depressed state to undepressed state 
during the drive downshift is used. In such a case, al- 
though the transmission input torque value exceeds a 
set value but a rate of change in the transmission input 
speed is below a set value, the controller erroneously 
determines that a decrease in the rate of change in 
transmission input speed arises from a drop in the trans- 
mission input torque. Thus, the process of shifting down 
is wastefully advanced forcibly. This may result in shift 
shocks rather than smooth downshifting. As discussed 
above, as a first problem, in the system disclosed in 
JP6-1 29528, it is difficult to accurately detect or deter- 
mine a transmission-input-speed drop arising from the 
return of the accelerator pedal from the depressed state 
to undepressed state during the drive downshift. As a 
second problem, when moderately releasing the accel- 
erator pedal such that the transmission input speed (tur- 
bine speed continues to rise slightly, in the system 
of JP6-129528 it is difficult to detect the return of the 
accelerator pedal from the depressed state to unde- 
pressed state during the drive downshift. In this case, it 
is impossible to timely.initiate the drive-downshift forci- 
ble termination control disclosed in JP6-129528. Addi- 
tionally, when a value of torque created by the turbine 
runner itself tends to reduce owing to a rise in the turbine 
speed without returning the accelerator pedal to its un- 
depressed state, the turbine speed has already been ris- 
en, but a time rate of increase in the turbine speed is 
excessively low. In such a case, it is impossible to timely 
initiate the drive-downshift forcible termination control 
disclosed in JP6-129528. As a third problem, under a 
particular condition that there is a great difference be- 
tween transmission input speeds before and after shift- 
ing and additionally a value of transmission input torque 
is negative, the rotational speed of the engine that caus- 
es the negative transmission input torque is risen forci- 
bly, during the drive-downshift forcible termination con- 
trol according to which the working-fluid pressure on the 
applied side is risen at the first predetermined time rate 
of increase and the working-fluid pressure on the re- 
leased side is dropped at the second predetermined rate 
of decrease. Thus, a great negative torque acts on the 
transmission output shaft. This results in pull-in torque 
shocks, in other words, an undesiredly great vehicle's 
deceleration rate (that is, uncomfortable shift feeling). 
As a fourth problem, the drive-downshift forcible termi- 
nation control disclosed in JP6-1 29528 is based on the 
assumption that during the drive downshift friction ele- 



ments to be engaged or applied exist. In case of an one- 
way clutch shifting process in which a friction element 
to be applied does not exist, the drive-downshift is 
caused only by releasing the friction element being in 
5 its engaged state and thus engaging the one-way clutch. 
Therefore, the drive-downshift forcible termination con- 
trol disclosed in JP6-1 29528 cannot be applied to the 
drive-downshift based on the one-way clutch shifting 
process. 

w [0005] Accordingly, it is an object of the invention to 
provide a shift control device for an automatic transmis- 
sion, which avoids the aforementioned disadvantages. 
[0006] It is another object of the invention to provide 
a shift control device for an automatic transmission, 

15 which is capable of distinguishing a transmission-input- 
speed drop arising from the return of an accelerator ped- 
al from its depressed state to undepressed state during 
drive downshift from a transmission-input-speed drop 
arising from the other factors to accurately detect or de- 

20 termine the transmission-input-speed drop based on the 
return of the accelerator pedal to the undepressed state 
during drive downshift. 

[0007] It is a further object of the invention to provide 
a shift control device for an automatic transmission, 

25 which is capable of detecting the presence or absence 
of moderate releasing action of the accelerator pedal 
such that the transmission input speed continues to rise 
slightly, or detecting a reduction in torque created by the 
turbine runner (an excessively low time rate of increase 

30 in the turbine speed), arising from a rise in the turbine 
speed with no return of the accelerator pedal to its un- 
depressed state so as to timely initiate the drive-down- 
shift forcible termination control. 
[0008] It is another object of the invention to provide 

35 a shift control device for an automatic transmission, in 
which the drive-downshift forcible termination control 
(executed due to a lack of transmission input torque) can 
be applied to a one-way clutch shifting process. 
[0009] It is another object of the invention to provide 

40 a shift control device for an automatic transmission, 
which is capable of properly terminating the drive-down- 
shift forcible termination control for a shortest possible 
period of time. 

[001 0] It is a still further object of the invention to pro- 
45 vide a shift control device for an automatic transmission 
in which the drive-downshift forcible termination control 
is timed not to exert a bad influence upon a next shifting 
process. 

[001 1] It is another object of the invention to provide 
50 a shift control device for an automatic transmission in 
which, when the drive downshift is a non one-way clutch 
shifting process, the drive-downshift forcible termination 
control is executed so that the working-fluid pressure on 
the applied side is risen at a first predetermined time 
55 rate of increase while the working-fluid pressure on the 
released side is fallen at a second predetermined rate 
of decrease, and therefore an inertia phase can be ter- 
minated for a shortest possible period of time with less 
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shift shocks. 

[0012] It is another object of the invention to provide 
a shift control device for an automatic transmission 
which is capable of providing a desired shift feeling dur- 
ing the drive-downshift forcible termination control by 
optimally setting the previously-noted first and second 
predetermined time rates depending upon a quantity of 
state related to transmission input torque and a quantity 
of state related to the difference in transmission input 
speeds before and after shifting. 
[0013] It is another object of the invention to provide 
a shift control device for an automatic transmission 
which is capable of preventing undesired pull-in shocks 
(that is, undesired vehicle's deceleration rate), even 
when the drive downshift is a non one-way clutch shift- 
ing process, the vehicle is conditioned in a particular 
state wherein there is a big difference in transmission 
input speeds before and after downshifting and a trans- 
mission input torque value is negative and thus the pull- 
in shocks may occur during the drive-downshift forcible 
termination control, and additionally a next shifting proc- 
ess corresponds to an upshift to a gear position that the 
transmission has been placed before the downshifting. 
[0014] In order to accomplish the aforementioned and 
other objects of the present invention, a shift control de- 
vice for an automatic transmission capable of automat- 
ically shifting to a desired gear position by selectively 
engaging a plurality of friction elements via working-fluid 
pressure, and of switching to a drive-downshift forcible 
termination control when a time rate of change in trans- 
mission input speed is reduced to below a threshold val- 
ue owing to a drop in transmission input torque during 
drive downshift from a higher gear position to a lower 
gear position with an accelerator pedal depressed, the 
shift control device comprises a drive-downshift forcible 
termination control section that executes the drive- 
downshift forcible termination control only when the time 
rate of change in transmission input speed is reduced 
to below a first predetermined threshold value and a val- 
ue equivalent to the transmission input torque is re- 
duced to below a second predetermined threshold val- 
ue, to forcibly terminate the drive downshift. 
[0015] According to another aspect of the invention, 
a shift control device for an automatic transmission ca- 
pable of automatically shifting to a desired gear position 
by selectively engaging a plurality of friction elements 
via working-fluid pressure, and of switching to a drive- 
downshift forcible termination control when a time rate 
of change in transmission input speed is reduced to be- 
low a threshold value owing to a drop in transmission 
input torque during drive downshift from a higher gear 
position to a lower gear position with an accelerator ped- 
al depressed, said shift control device comprises a 
drive-downshift control determining section that deter- 
mines whether the transmission is in a drive downshift 
control, an inertia phase control determining section that 
determines whether the transmission is in an inertia 
phase control according to which a transmission input 



speed is rising to an after-shifting synchronous speed, 
an arithmetic-calculation section that calculates a time 
rate of change in transmission input speed, a first com- 
parison section that compares the time rate of change 

5 in transmission input speed to a first predetermined 
threshold value, an estimation section that estimates a 
value equivalent to the transmission input torque, a sec- 
ond comparison section that compares the value equiv- 
alent to the transmission input torque to a second pre- 

w determined threshold value, and a drive-downshift for- 
cible termination control section that executes the drive- 
downshift forcible termination control only when the time 
rate of change in transmission input speed is reduced 
to below the first predetermined threshold value and the 

15 value equivalent to the transmission input torque is re- 
duced to below the second predetermined threshold val- 
ue, to forcibly terminate the drive downshift. The shift 
control device may further comprises a first determining 
section that determines whether the drive downshift is 

20 a one-way clutch shift caused by self-engagement of a 
one-way clutch while releasing a friction element being 
in its engaged state or a non one-way clutch shift, a sec- 
ond determining section that determines whether there 
is a possibility of a great vehicle deceleration rate oc- 

25 curring owing to a big difference in transmission input 
speeds before and after shifting and a great negative 
engine output torque, a third determining section that 
determines whether a next shifting process executed af- 
ter termination of the drive downshift control is an upshift 

30 that returns to a gear position established before the 
drive downshift, and a mode-selection section that se- 
lects a first operating mode that forcibly terminates the 
inertia phase control with a first predetermined time de- 
lay when the drive downshift is the non one-way clutch 

35 shift without self-engagement of a one-way clutch and 
there is a less possibility of the great vehicle decelera- 
tion rate, and selects a second operating mode that im- 
mediately forcibly terminates the drive downshift control 
and immediately start the next shifting process when the 

40 drive downshift is the non one-way clutch shift and there 
is a possibility of the great vehicle deceleration rate and 
the next shifting process executed after termination of 
the drive downshift control is the upshift that returns to 
the gear position established before the drive downshift, 

45 and selects a third operating mode that forcibly termi- 
nates the drive downshift control with a second prede- 
termined time delay when the drive downshift is the one- 
way clutch shift with self-engagement of the one-way 
clutch. At the first operating mode a working-fluid pres- 

50 sure of a first friction element to be applied is increased 
at a predetermined time rate of change and a working- 
fluid pressure of a second friction element to be released 
is decreased at a predetermined time rate of change, 
and at the second operating mode the working-fluid 

55 pressure of the first friction element is immediately in- 
creased up to a predetermined maximum pressure level 
arid the working-fluid pressure of the second friction el- 
ement is immediately decreased down to a predeter- 
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mined minimum pressure level, and at the third operat- 
ing mode only the working-fluid pressure of the second 
friction element is decreased at a predetermined time 
rate of change. Preferably, the first predetermined time 
delay is preferably determined based on the predeter- 
mined time rate of change for the first friction element 
to be applied and the predetermined time rate of change 
for the second friction element to be released, and the 
second predetermined time delay is determined based 
on the predetermined time rate of change for the second 
friction element to be released. More preferably, the pre- 
determined time rate of change for the first friction ele- 
ment to be applied and the predetermined time rate of 
change for the second friction element to be released 
are determined depending upon both a quantity of state 
related to the transmission input torque and a quantity 
of state related to a difference in transmission input 
speeds before and after shifting, so as to provide a de- 
sired shift feeling. It is preferable that the predetermined 
time rate of change is preset to a maximum rate of 
change of a range within which there is no undershoot 
of the working-fluid pressure of the second friction ele- 
ment. More preferably, a determination of termination of 
the drive downshift control is made at a time when the 
working-fluid pressure of the second friction element is 
reduced to below a predetermined pressure level, and 
a next shifting process is inhibited for a period of time 
from this time. 

[001 6] The other objects and features of this invention 
wiD become understood from the following description 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 is a system block diagram illustrating a 
power train and a control system of an automatic trans- 
mission employing a shift control device of one embod- 
iment of the invention. 

[0018] Fig. 2 is a chart of clutch engagements and 
band applications for all transmission operating condi- 
tions. 

[0019] Fig. 3 is a flow chart showing a prepro- 
grammed decision routine used to determine the pres- 
ence or absence of the return of the accelerator pedal 
to the undepressed state and executed by the shift con- 
trol device of the embodiment. 

[0020] Fig. 4 is a flow chart showing a prepro- 
grammed mode-selection routine used to select one of 
three operating modes (Mode 1, Mode 2, Mode 3) for 
the drive-downshift forcible termination control execut- 
ed by the shift control device of the embodiment. 
[0021] Fig. 5 is a flow chart showing a prepro- 
grammed routine needed to concretely execute the op- 
erating mode selected through the routine of Fig. 4. 
[0022] Figs. 6A - 6D are time charts showing the op- 
eration of the first operating mode (Mode 1 ) for the drive- 
downshift forcible termination control executed by the 
device of the embodiment. 



[0023] Figs. 7A - 7D are time charts showing the op- 
eration of the second operating mode (Mode 2) for the 
drive-downshift forcible termination control executed by 
the device of the embodiment. 
5 [0024] Figs. 8A - 8D are time charts showing the op- 
eration of the third operating mode (Mode 3) for the 
drive-downshift forcible termination control executed by 
the device of the embodiment. 

™ DESCRIPTION OF THE PREFERRED 



EMBODIMENTS 

[0025] Referring now to the drawings, particularly to 
Fig. 1 , the shift control device of the invention is exem- 
15 phfied in an automatic transmission 2 using a torque 
converter 3. Power output produced by an engine de- 
noted by reference sign 1 is controlled by means of a. 
throttle valve (not shown) whose opening (TVO) can be 
arbitrarily controlled between a predetermined maxi- 
20 mum opening (i.e., a fully-opened throttle position, sim- 
ply, a wide-open throttle) and a predetermined minimum 
opening (i.e., a fully-closed throttle position, simply, a 
closed throttle) depending on the amount of depression 
of a driver-operated accelerator pedal (not shown). Out- 
25 put rotation of engine 1 is transmitted via torque con- 
verter 3 to an input shaft 4 of automatic transmission 2. 
Automatic transmission 2 has a transmission input shaft 
4, a transmission output shaft 5 coaxially arranged with 
transmission input shaft 4 such that one axial end of 
30 transmission input shaft 4 opposes one axial end of 
transmission output shaft 5, a front planetary gearset 6 
and a rear planetary gearset 7. Front and rear planetary 
gearsets 6 and 7 are mounted on the transmission input 
and output shafts from the axial end of the transmission 
35 input shaft facing the engine crankshaft, in that order. 
The transmission input and output shafts and the front 
and rear planetary gearsets serves as a main compo- 
nent of a planetary-gear transmission system of auto- 
matic transmission 2. Front planetary gearset 6 located 
*o near engine 1 is a simple planetary gear set consisting 
of a front sun gear S F , a front ring gear RF, front planet 
pinions P F being in meshed-engagement with front sun 
gear S F and front ring gear R F , and a front planet-pinion 
carrier C F in which front pinions PF are rotatably held. 
45 Also, rear planetary gearset 7 located apart from engine 
1 is a simple planetary.gear set consisting of a rear sun 
gear S R , a rear ring gear Rr, rear planet pinions P R be- 
ing in meshed-engagement with rear sun gear S R and 
rear ring gear R R| and a rear planet-pinion carrier C R in 
50 which rear pinions P R are rotatably held. As a plurality 
of friction elements needed to determine a power-trans- 
mission path (a desired gear position), a low clutch L/C, 
a 2-4 brake band 2-4/B, a high clutch H/C, a low-and- 
reverse brake band LR/B, a low one-way clutch L/OWC, 
55 and a reverse clutch R/C are provided in proper corre- 
lation with both the first and second planetary gearsets 
6 and 7. As clearly shown in Fig. 1, front sun gear S F 
can be properly connected to transmission input shaft 4 
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by means of reverse clutch R/C. Additionally, front sun 
gear S F is locked up by applying 2-4 brake band 2-4/B. 
In other words, the front sun gear is held stationary by 
way of application of the 2-4 brake band. Front pinion 
carrier C F can be properly connected to transmission 
input shaft 4 by means of high clutch H/C. Front pinion 
carrier C F is also prevented from rotating in a rotational 
direction opposite to a rotating direction of engine 1 by 
means of low one-way clutch L/OWC. Additionally, front 
pinion carrier C F is locked up and held stationary by way 
of application of low-and-reverse brake band LR/B. 
Front pinion carrier C F and rear ring gear R R can be 
properly connected to each other via low clutch L/C. 
Front ring gear R F and rear pinion carrier C R are con- 
nected to each other. These members R F and C R are 
also connected to transmission output shaft 5. On the 
other hand, rear sun gear S R is connected to transmis- 
sion input shaft 4. 

[0026] Fig. 2 shows clutch engaged and disengaged 
states and band applied and released states of the fric- 
tion elements (L/C, 2-4/B, H/C, LR/B, L/OWC, and R/C) 
of the planetary-gear transmission system, for estab- 
lishing the forward 4-speed (1st, 2nd, 3rd and 4th), and 
reverse 1-speed (Reverse) gear positions. Of these fric- 
tion elements, low clutch L/C, 2-4 brake band 2-4/B, high 
clutch H/C, low-and-reverse brake band LR/B, and re- 
verse clutch R/C are selectively engaged or disengaged 
hydraulically. On the other hand, low one-way clutch U 
OWC is mechanically self-engaged or self-disengaged. 
In Fig. 2, clutch-engagement or band-application is 
marked with a circle indicated by a solid line, clutch-dis- 
engagement or band-release is indicated by a blank 
space, and application of low-and-reverse brake band 
LR/B (when engine braking is required) is marked with 
a circle indicated by a broken line. The 1st-speed gear 
position is established by hydraulically engaging low 
clutch L/C and by self-engagement of low one-way 
clutch L/OWC serving to receive a reaction force when 
the vehicle is accelerated. When the driver releases the 
accelerator pedal and coast during vehicle driving with 
the transmission held in the 1st gear position, low one- 
way clutch L/OWC runs freely, thus disabling an engine 
braking effect. Even when releasing the accelerator 
pedal with the transmission held in the low gear position, 
the engine does not exert a braking effect on the vehicle, 
thereby preventing the occurrence of uncomfortable de- 
celeration feeling. If the engine braking effect is required 
during vehicle driving With the transmission held in the 
1st gear position, as shown in Fig. 2, low-and-reverse 
brake LR/B is hydraulically applied to disable low one- 
way clutch L/OWC to run freely, thus resulting in an en- 
gine braking effect. In this case, rear sun gear S R is con- 
nected to transmission input shaft 4. Rear ring gear R R 
is fixed, while rear pinion carrier C R is connected to 
transmission output shaft 5. The 2nd-speed gear posi- 
tion is established by hydraulically engaging low clutch 
L/C and by hydraulically applying 2^ brake band 2-4/B. 
In this case, rear sun gear S R is connected to transmis- 



sion input shaft 4. First sun gear is locked up, while rear 
pinion carrier C R is connected to transmission output 
shaft 5. The 3rd-speed gear position is established by 
hydraulically engaging both high clutch H/C and low 
5 clutch L/C. In this case, rear ring gear R R and rear sun 
gear S R are both connected to transmission input shaft 

4, while front ring gear R F is connected to transmission 
output shaft 5, so that the transmission gear ratio be- 
comes equal to 1 . The 4th-speed gear position is estab- 

'10 lished by hydraulically engaging high clutch H/C and by 
hydraulically applying 2-4 brake band 2-4/B. In this 
case, front pinion carrier C F and rear sun gear S R are 
both connected to transmission input shaft 4, front sun 
gear S F is locked by the 2-4 brake band, while rear pin- 
ts ion carrier C R is connected to transmission output shaft 

5, so as to establish the overdrive gear position. The 
reverse gear position is established by hydraulically en- 
gaging reverse clutch R/C and by hydraulically applying 
low-and-reverse brake band LR/B. In this case, front 

20 and rear sun gears S F and S R are both connected to 
transmission input shaft 4. Front pinion carrier C F is 
locked up by the low-and-reverse brake band, while rear 
pinion carrier C R is connected to transmission output 
shaft 5. The clutch- and band-application logic for the 

25 hydraulically-operated friction elements (R/C, H/C, L/C, 
LR/B, 2-4/B) shown in Fig. 2 is realized by means of a 
control valve body 8 shown in Fig. 1. Although it is not 
clearly shown in Fig. 1, various valves are installed or 
inserted into control valve body 8. For instance, in addi- 

30 tion to a pressure regulator valve and a manual valve, 
an electromagnetic line pressure solenoid valve (simply, 
a line pressure solenoid) 9, an electromagnetic low 
clutch solenoid valve (simply, a low clutch solenoid) 10, 
an electromagnetic 2-4 brake band solenoid valve (sim- 

35 ply, a 2-4 brake band solenoid) 11 , an electromagnetic 
high clutch solenoid valve (simply, a high clutch sole- 
noid) 12, and an electromagnetic low-and-reverse brake 
band solenoid valve (simply, a low-and-reverse brake 
band solenoid) 1 3 are mounted in the control valve body. 

40 Line pressure solenoid 9 acts to apply a solenoid pres- 
sure therefrom to the pressure regulator valve so as to 
adjust a line pressure at a high pressure level when line 
pressure solenoid 9 is energized. Conversely when line 
pressure solenoid 9 is de-energized, the line pressure 

45 is adjusted to a low pressure level. The line pressure 
which is switchable between high and low by way of the 
ON/OFF control for line pressure solenoid 9, is used as 
an initial pressure for automatic shift control. Depending 
upon driver's wishes (that is, the desired running condi- 

50 tion), the manual valve is manually operated by the driv- 
er for selection of either the drive range (D), reverse 
range (R), or parking/stopping range (P,N). 
[0027] In the D range, as a D-range pressure the man- 
ual valve supplies the line pressure into low clutch so- 

55 lenoid 10, 2-4 brake band solenoid 11 , high clutch sole- 
noid 12, and low-and-reverse solenoid 13. Solenoid 
valves 10, 11, 12 and 13 create respective solenoid 
pressures by properly adjusting or reducing the D-range 
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pressure applied to each individual solenoid valve by 
way of duty-cycle control. The duty-cycle controlled low 
clutch pressure, duty-cycle controlled 2-4 brake band 
pressure, duty-cycle controlled high clutch pressure, 
and duty-cycle controlled low-and-reverse brake band 
pressure are directed to the respective frictipn elements 
(L/C, 2-4/B, H/C, LR/B), to individually control working- 
fluid pressure levels for these friction elements. In this 
manner, by duty-cycle controlling the solenoids 10 
through 13, the clutch- and band-application logic rang- 
ing from the 1st-speed gear position to the 4th-speed 
gear position can be realized. In the R range, the manual 
valve outputs the line pressure as a R-range pressure, 
so as to supply the R-range pressure to both reverse 
clutch R/G and low-and-reverse brake band LR/B. As a 
result, the reverse clutch is engaged and at the same 
time the low-and-reverse brake band is applied. In this 
manner, the clutch- and band-application logic for the 
reverse gear position can be realized. In the P,N range, 
the manual valve acts to prevent the line pressure to be 
supplied to any hydraulic circuits. As a result of this, all 
of the friction elements are released and thus the auto- 
matic transmission is in neutral. 

[0028] The previously-described ON/OFF control of 
line pressure solenoid 9 and duty-cycle control of each 
of low clutch solenoid 10, 2-4 brake band solenoid 11, 
high clutch solenoid 12, and low-and-reverse solenoid 
13 are executed by means of a transmission controller 
14. Transmission controller 14 generally comprises a 
microcomputer. The transmission controller includes an 30 
input/output interface (I/O), memories (RAM, ROM), 
and a microprocessor or a central processing unit 
(CPU). The input/output interface (I/O) of transmission 
controller 14 receives input information from various en- 
gine/vehicle switches and sensors, namely a throttle 35 
opening sensor 15, a turbine speed sensor 16, a trans- 
mission output speed sensor 17, and an inhibitor switch 
18. Throttle opening sensor 15 is provided to detect a 
throttle opening TVO of engine 1 . Turbine speed sensor 
1 6 is provided to detect a turbine speed N t which is used <o 
as a transmission input speed (in other words, a torque 
converter output speed). Transmission output speed 
sensor 17 is provided to detect a transmission output 
speed N 0 (a rotational speed of transmission output 
shaft 5 of automatic transmission 2). Inhibitor switch 18 45 . 
outputs a signal representative of the selected operating 
range. Within the transmission controller, the central 
processing unit (CPU) allows the access by the I/O in- 
terface of input informational data signals from the pre- 
viously-discussed engine/vehicle switches and sensors so 
15, 16, 17 and 18. The CPU of transmission controller 
14 is responsible for carrying an automatic shift control 
program stored in memories and is capable of perform- 
ing necessary arithmetic and logic operations based on 
the input informational signal data TVO and N Q so as to 55 
execute a basic automatic shift control processing ac- 
cording to a preprogrammed or predetermined shift pat- 
tern. Computational results (arithmetic calculation re- 



sults), that is, calculated output signals (solenoid valve 
drive currents) are relayed via the output interface cir- 
cuitry of transmission controller 14 to output stages, 
namely the previously-discussed solenoid valves 9 
5 through 13. The basic automatic shift control processing 
is executed by the CPU of transmission controller 14, 
as follows. First, the processor of controller 14 retrieves 
or selects a desired gear position based on the two latest 
up-to-date informational data regarding the current en- 
10 gine/vehicle operating conditions, that is, the current 
value of throttle opening TVO and the current value of 
transmission output speed N Q (regarded as vehicle 
speed), from the preprogrammed shift pattern. Second- 
ly, a check is made to determine whether the current 
gear position that the transmission is actually controlled^ 
is identical to the desired gear position. Thirdly, if there' 
is the discrepancy between the actual gear position and 
the desired gear position, controller 14 generates a 
transmission range gear shift command so as to perform 
a shift to the desired gear position. That is, according to 
the clutch- and band-application logic for the hydra uli- 
cally-operated friction elements shown in Fig. 2, in order 
to achieve shifting to the desired gear position, switching 
between engagement (application) and disengagement 
(release) of each of the friction elements is achieved by 
properly adjusting the solenoid pressure from each of 
the solenoids 10 through 13 by way of the duty-cycle 
control. The basic automatic shift control processing is 
conventional and forms no part of the present invention. 
Note that in addition to the basic automatic shift control 
processing (or the normal automatic shift control 
processing), the shift control device of the embodiment 
can execute a drive-downshift forcible termination con- 
trol which will be fully described hereunder in reference 
to the flow charts shown in Figs. 3-5, and the time charts 
of Figs. 6A-6D (showing Mode 1), 7A-7D (showing 
Mode 2), and 8A-8D (showing Mode 3). The drive-down- 
shift forcible termination control of the embodiment is 
executed when a value of transmission input torque be- 
comes reduced to below a torque value needed to sat- 
isfactorily advance a downshift during the drive down- 
shift, that is, in the presence of a lack of transmission 
input torque. 

[0029] Referring now to Fig. 3, there is shown the de- 
cision routine used to determine whether the current 
transmission input torque value is reduced to below 
a predetermined torque value (T ts ) needed to satisfac- 
torily advance a downshift, owing to the return of the 
accelerator pedal from the depressed state to the unde- 
pressed state during the drive downshift. The routine 
shown in Fig. 3 is executed as time-triggered interrupt 
routines to be triggered every predetermined time inter- 
vals. 

[0030] At step S21, a check is made to determine 
whether the transmission is in a downshift. When the 
answer to step S21 is in the negative (NO), that is, when 
the transmission is out of the downshift, the routine ter- 
minates. When the answer to step S21 is in the affirm- 
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ative (YES), that is, during the downshift, step S22 oc- 
curs. At step S22, a test is made to determine whether 
a so-called drive downshift control, executed due to de- 
pression of the accelerator pedal or when the increase 
in engine speed is required, is executed. When the an- 
swer to step S22 is affirmative (YES), in other words, 
during the drive downshift control, the routine proceeds 
to step S23. At step S23, a check is made to determine 
whether an effective gear ratio i (= N t /N 0 ) of the turbine 
speed (transmission input speed) N t to transmission 
output speed N Q starts to change from a before-drive- 
downshift gear ratio to an after-drive-downshift-termi na- 
tion gear ratio and thus the inertia phase is started. 
When controller 14 determines that the inertia phase is 
started, step S24 occurs. At step S24, controller 14 ini- 
tiates an inertia phase control of the drive downshift con- 
trol. When the answer to step S24 is affirmative (YES), 
that is, during the inertia phase control of the drive down- 
shift control, the routine flows from step S24 to step S25. 
When the answer to step S22 is negative, the routine 
jumps from step S22 to step S25, while skipping steps 
S23 and S24, since the drive-downshift forcible termi- 
nation control of the shift control device of the embodi- 
ment is executed only during the drive downshift control. 
When the answer to step S23 is negative, the routine 
also flows to step S25. At step S25, a check is made to 
determine whether the transmission is in the inertia 
phase control mode of the drive downshift control. Dur- 
ing the inertia phase control mode of the drive downshift 
control, step S26 occurs. At step S26, a check is made 
to determine whether the difference AN t (= N^-N^j) 
between the current value N t(n) of turbine speed N t and 
the previous value N t(n . 1} of turbine speed N t , that is, a 
time rate of change in turbine speed N t is less than or 
equal to a predetermined or set positive small speed val- 
ue AN ts . In case of AN t =gAN ts , the routine flows to step 
S27. At step S27, a check is made to determine whether 
a transmission input torque T t is less than or equal to a 
predetermined or set torque value t^. When the two 
necessary conditions defined by the inequalities 
AN t ^AN ts and T t ^T ts are satisfied, the routine pro- 
ceeds to step S28. At step S28, controller 14 determines 
that a state of the lack of transmission input torque T t 
occurs. Conversely when the answer to steps S25, S26, 
or S27 is negative, that is, when the transmission is out 
of the inertia phase control mode, in case of AN t >AN ts 
or T t >T ts , the routine terminates. In order to timely exe- 
cute the drive-downshift forcible termination control, the 
aforementioned predetermined speed value AN ts is set 
to an upper limit of the time rate of change in transmis- 
sion input speed (turbine speed N t ) that a shifting time 
period obtained when continuing the normal automatic 
shift control even in the presence of the lack of trans- 
mission input torque T t during the drive downshift control 
exceeds a predetermined threshold value (a predeter- 
mined long time period). In other words , predetermined 
speed value AN ts is set to a threshold limit value of the 
time rate of change in transmission input speed (turbine 



speed N t ) above which a shifting time period obtained 
in absence of switching from the normal automatic shift 
control to the drive-downshift forcible termination control 
in the presence of the lack of transmission input torque 

5 T t during the drive downshift control exceeds a prede- 
termined threshold value (i.e.. a predetermined long 
time period) . As is generally known, it is difficult to di- 
rectly monitor or detect the transmission input torque T t . 
Actually, the transmission input torque can be estimated 

10 based on the throttle opening TVO, an estimate of 
torque imparted to the turbine, or an amount of slippage 
of the torque converter. In otherwords, the throttle open- 
ing TVO, an estimate of torque imparted to the turbine, 
or an amount of slippage of the torque converter can be 

15 used as a value equivalent to or representative of the 
transmission input torque. The aforementioned prede- 
termined torque value T ts is set to an upper limit value 
of a torque range within which it is impossible to rise 
transmission input speed N t up to a speed value above 

20 a speed needed to advance shifting (exactly, drive 
downshift) at a predetermined shifting speed. Assuming 
that the transmission input torque T t is estimated from 
or represented by the throttle opening TVO, as can be 
seen from the time charts shown in Figs. 6A, 7A f and 

25 8A, a predetermined or set value TVO s of the throttle 
opening corresponds to the predetermined torque value 
T ts of transmission input torque T t . That is, when the 
throttle opening TVO is less than or equal to the set 
throttle opening TVO s , controller 14 determines that the 

30 transmission input torque T t is less than or equal to the 
predetermined torque value T ts . 

[0031] Referring now to Fig. 4, there is shown the 
mode-selection routine used to select one of three op- 
erating modes (Mode 1 , Mode 2 ? Mode 3) for the drive- 

35 downshift forcible termination control executed by the 
shift control device of the embodiment. The mode-se- 
lection routine of Fig. 4 is executed only when controller 
14 determines that a state of the lack of transmission 
input torque T t occurs, according to the decision routine 

40 of Fig. 3. 

[0032] At step S31, a check is made to determine 
whether through the previously-discussed step S28 of 
Fig. 3, the controller determines that a state of the lack 
of transmission input torque T t occurs. When the answer 

45 to step S31 is negative (NO), that is, in the absence of 
determination of the lack of transmission input torque 
T t , the program returns from this mode-selection routine 
to the normal automatic shift control routine. Conversely 
when the answer to step S31 is affirmative (YES), that 

50 j Sf in case of the lack of transmission input torque T t , 
step S32 occurs. At step S32, a check is made to deter- 
mine whether the current drive downshift executed at 
the present moment is a one-way clutch shift caused by 
se if_engagement of the one-way clutch (low one-way 

55 clutch L/OWC) while releasing the friction elements be- 
ing in their engaged states. Concretely, in the automatic 
transmission shown in Figs. 1 and 2, there are three dif- 
ferent one-way clutch shifting processes. The first one- 
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way clutch shift corresponds to a 2-»1 downshift 
achieved by self-engagement of low one-way clutch L7 
OWC while releasing 2-4 brake band 2-4/B from its ap- 
plied state. The second one-way clutch shift corre- 
sponds to a 3->1 downshift achieved by self-engage- 5 
ment of low one-way clutch L/OWC while disengaging 
high clutch H/C from its engaged state. The third one- 
way clutch shift corresponds to a 4->1 downshift 
achieved by self-engagement of low one-way clutch U 
OWC while disengaging 2-4 brake band 2-4/B and high w 
clutch H/C from their engaged states and simultaneous- 
ly engaging low clutch L/C from its disengaged state. 
When the answer to step S32 is negative (NO), that is, 
when the current drive downshift is a non one-way clutch 
shift except 2->1 downshift, 3->1 downshift and 4-»1 15 
downshift, the routine proceeds from step S32 to step 
S33. At step S33, a check is made to determine whether 
the difference of the turbine speed N t before and after 
shifting is great and additionally the negative engine out-, 
put torque (in other words, the negative transmission in- 20 
put torque) is great. That is, in the presence of negative 
engine torque fluctuations, a great .negative torque 
tends to act on the transmission output shaft by forcibly 
rising the rotational speed of the engine producing the 
negative torque. This causes an uncomfortably great 25 
vehicle deceleration rate (or an uncomfortably great en- 
gine braking effect). In such a case that the uncomfort- 
ably great vehicle deceleration occurs due to both the 
great difference of turbine speed N t before and after 
shifting and the great negative torque, the routine flows 30 
from step S33 to step S34. At step S34, a check is made 
to determine whether the next shifting process executed 
with the lack of transmission input torque T t after termi- 
nation of the drive downshift (e.g., 4-»2 downshift) is an 
upshift (e.g., 2-^4 upshift) through which the transmis- 35 
sion is returned to the gear position (e.g., 4th-speed 
gear position) established before the drive downshift. 
When either the answer to step S33 or the answer to 
step S34 is negative (NO), the routine proceeds to step 
S35. At step S35, the first operating mode (Mode 1) is *o 
selected so as to terminate the inertia phase control of 
the drive downshift control when controller 14 deter- 
mines that the lack of transmission input torque T t takes, 
place during the drive downshift (corresponding to the 
non one-way clutch shifting). Conversely when the an- 45 
swer to step S33 and the answer to step S34 are both 
affirmative (YES), step S36 occurs. At step S36, the sec- 
ond operating mode (Mode 2) is selected so as to forci- 
bly and immediately terminate the drive downshift con- 
trol when controller 14 determines that the lack of trans- 50 
mission input torque T t takes place during the drive 
downshift (corresponding to the non one-way clutch, 
shifting). Returning to step S32, when the current drive 
downshift is a one-way clutch shift (either 2->1 down- 
shift, 3-»1 downshift or 4->1 downshift), the routine pro- 55 
ceeds from step S32 to step S37. At step S37, the third 
operating mode (Mode 3) is selected so as to forcibly 
timely terminate the drive downshift control when con- 



troller 14 determines that the lack of transmission input 
torque T t takes place during the drive downshift (corre- 
sponding to the one-way clutch shifting). After steps 
S35, S36 or S37, step S38 occurs. At step S38, one cy- 
cle of the mode-selection routine terminates. 
[0033] Referring now to Fig. 5, there is shown the se- 
lected operating mode execution routine. 
[0034] In the same manner as step S31 of Fig. 4, at 
step S41 , a check is made to determine whether through 
the previously-discussed step S28 of Fig. 3, the control- 
ler determines that a state of the lack of transmission 
input torque T t occurs. When the answer to step S41 is 
negative, that is, in the absence of determination of the 
lack of transmission input torque T t , the program returns 
from this selected operating mode execution routine to 
the normal automatic shift control routine. When the an- 
swer to step S41 is affirmative, that is, in case of the lack 
of transmission input torque T t , the routine proceeds 
from step S41 to step S42. At step S42, a check is made 
to determine whether the selected operating mode is the 
first operating mode (Mode 1). When the answer to step 
S42 is affirmative, that is, when Mode 1 (suitable to non 
one-way shifting) is selected, the routine flows from step 
S42 through steps S45 and S46 to step S47. At step 
S45, the drive-downshift forcible termination control 
based on the first operating mode (Mode 1) is initiated 
(see the time charts shown in Figs. 6A-6D). The drive- 
downshift forcible termination control based on the first 
operating mode (Mode 1) is hereunder described in de- 
tail in reference to the time charts of Figs. 6A-6D. 
[0035] As can be seen from the time charts shown in 
Figs. 6A-6D, in particular, as appreciated from a change 
in a command value (Pc) of working-fluid pressure on 
the applied side and a change in a command value (Po) 
working-fluid pressure on the released side (See Fig. 
6D) at a time t 1 when the throttle opening TVO is risen 
or increased (see the leading edge at t, in Fig. 6A) due 
to depression of the accelerator pedal, a drive downshift 
occurs according to the normal time series control (the 
normal shift control processing). The drive-downshift 
forcible termination control based on the first operating 
mode (Mode 1) is initiated at t 2 when the controller der 
termines the presence of the return of the accelerator 
pedal from the depressed state to the undepressed 
state by the necessary condition defined by TVO^TVO s 
(that is. T t ^T ts ) and additionally the time rate of change 
AN t in turbine speed N t becomes below the predeter- 
mined speed value AN ts (see a drop in the time rate of 
change AN t in turbine speed N t at t 2 as indicated by the 
solid line in Fig. 6C), in other words, the necessary con- 
dition defined by AN t ^AN ts at step S26 is satisfied. In 
Figs. 6B-6D, the broken lines indicate changes in the 
transmission output torque, turbine speed N t , working- 
fluid pressure command value Pc on the applied side, 
and working-fluid pressure command value Po on the 
released side, obtained by the normal time series con- 
trol (the normal shift control processing) when there is 
no drop in throttle opening TVO after t 2 without returning 
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the accelerator pedal to the undepressed state (see the 
constant throttle opening indicated by the broken line in 
Fig 6A). As can be appreciated from these changes in- 
dicated by the broken lines in Figs. 6A-6D, the drive 
downshift based on the normal time series control is 
continuously executed after t 2 . On the other hand, ac- 
cording to the drive-downshift forcible termination con- 
trol based on the first operating mode (Mode 1), as in- 
dicated by the solid line in Fig. 6D, after t 2 the working- 
fluid pressure command value Pc on the applied side is 
increased at a predetermined gradient (or a predeter- 
mined rate of change) a, while the working-fluid pres- 
sure command value Po on the released side is de- 
creased at a predetermined gradient (or a predeter- 
mined rate of change) p (see step S45 of Fig. 5). At this 
time, the volumetric capacity of working fluid applied to 
the friction elements of the applied side increases, thus 
advancing or promoting the downshift. As a result of this, 
turbine speed N t is pulled up and at the same time the 
rotational speed of the engine, producing the negative 
torque, is also pulled up forcibly, and whereby the trans- 
mission output torque (transmission output shaft torque) 
becomes negative (see the changes in transmission 
output torque and turbine speed N t between t 2 andt 3 in 
Figs. 6B and 6C). In the first operating mode (Mode 1), 
the previously-discussed working-fluid pressure control 
for both the applied side and the released side is con- 
tinued until a time t 3 at which the effective gear ratio i (- 
N^Nq) of transmission input speed (turbine speed) N t to 
transmission output speed N D reaches an after-drive- 
downshift-termination gear ratio and the controller de- 
termines that the transmission input speed rises up to a 
synchronous speed, in other words, step S46 of Fig. 5 
determines that the inertia phase has been terminated. 
At t 3 , the inertia phase control of the drive downshift con- 
trol is terminated (see step S47 of Fig. 5). After termina- 
tion of the inertia phase control (after t 3 ), as can be ap- 
preciated from a rise in working-fluid pressure command 
value Pc of the applied side between t 3 and t 4 , command 
value Pc is risen up to the maximum pressure level (cor- 
responding to the line pressure used as an initial pres- 
sure). For a predetermined period of time between t 4 
and t 5 , the next shifting process is prevented or inhibit- 
ed. Only after t 5 , the controller allows an upshift to arise 
from the return of the accelerator pedal to the unde- 
pressed state. As a matter of course, the time rate of 
change a of working-fluid pressure command value Pc 
of the applied side and the time rate of change p of work- 
ing-fluid pressure command value Po of the released 
side are predetermined or preset so that a shifting time 
period of the drive downshift never exceeds the prede- 
termined threshold value (the predetermined long time 
period). In particular, in the shift control device of the 
embodiment, these rate-of-changes a and p are deter- 
mined depending upon both a quantity of state related 
to transmission input torque T t and a quantity of state 
related to the difference in transmission input speeds 
before and after shifting, in other words, an inertia to be 



absorbed during shifting, so as to provide a desired shift 
feeling just like a shift feeling similar to downshift ob- 
tained by manual shifting. 

[0036] Returning now to step S42 of Fig. 5, when the 

5 answer to step S42 is negative, step S43 occurs. At step 
S43 a check is made to determine whether the selected 
operating mode is the third operating mode (Mode 3). 
When the answer to step S43 is negative, the routine 
proceeds from step S43 to step S44. At step S44, a 

10 check is made to determine whether the selected oper- 
ating mode is the second operating mode (Mode 2). 
When the answer to step S44 is affirmative, that is. when 
Mode 2 (suitable to non one-way clutch shifting) is se- 
lected, the routine flows from step S44 to step S48. At 

15 step S48. the drive-downshift forcible termination con- 
trol based on the second operating mode (Mode 2) is 
initiated (see the time charts shown in Figs. 7A-7D). The 
drive-downshift forcible termination control based on the 
second operating mode (Mode 2) is hereunder de- 

20 scribed in detail in reference to the time charts of Figs. 
7A-7D. 

[0037] Fig. 7A shows the same accelerator-pedal op- 
eration (or the same throttle-opening change) as Fig. 
6A. That is. at the time point t 1 the accelerator pedal is 
25 depressed and thus the throttle opening TVO is risen, 
and thereafter at the time point t 2 the accelerator pedal 
is returned to its undepressed state and thus the throttle 
opening TVO is fallen. As can be appreciated from the 
time charts shown in Figs. 7A-7D, in particular, as ap- 
30 predated from a change in a command value (Pc) of 
working-fluid pressure on the applied side and a change 
in a command value (Po) working-fluid pressure on the 
released side (See Fig. 7D) at X v a drive downshift oc- 
curs according to the normal time series control (the nor- 
35 mal shift control processing) from the time point t, . Dur- 
ing the drive downshift after t 1f when the controller de- 
termines the presence of the return of the accelerator 
pedal to the undepressed state by the condition defined 
by TVO^TVO s (that is. T t ^T te ) at t 2 , the drive-downshift 
40 forcible termination control based on the second oper- 
ating mode (Mode 2) is initiated. As can be appreciated 
from a rapid rise in working-fluid pressure command val- 
ue Pc on the applied side and a rapid drop in working- 
fluid pressure command value Po on the released side, 
45 indicated by the solid line in Fig. 7D, at t 2 the working- 
fluid pressure command value Pc on the applied side is 
immediately risen up to the same maximum pressure 
level as the line pressure, while the working-fluid pres- 
sure command value Po on the released side is imme- 
50 diately decreased down to zero (a predetermined mini- 
mum pressure level) (see step S48 of Fig. 5). In this 
manner, the drive downshift control immediately ends. 
In the second operating mode (Mode 2), as appreciated 
from the changes in working-fluid pressure command 
55 values Pc and Po in Fig. 7D, note that the drive down- 
shift control is forcibly immediately terminated and just 
after t 2 the next upshift starts at once, even when the 
inertia phase is not yet terminated. From the middle of 
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inertia phase, the next upshift starts. That is, the shifting 
process can be smoothly rapidly transferred from the 
drive downshift to the next upshift, without terminating 
the inertia phase of the drive downshift control, in other 
words, without forcibly rising the rotational speed of the 
engine, producing the negative torque. This ensures a 
rapid upshift. The rapid upshift, obtained by virtue of the 
second operating mode (Mode 2), effectively prevents 
the occurrence of great pull-in torque shocks which may 
occur owing a great negative torque acting on the trans- 
mission output shaft by forcibly rising the rotational 
speed of the engine, producing the negative torque (see 
the waveform of the transmission output torque indicat- 
ed by the solid line in Fig. 7B and varying at a slight 
negative torque value). As can be seen from step S34 
of Fig. 4 f the execution of the drive-downshift forcible 
termination control based on the second operating 
mode (Mode 2) is limited to a particular case that the 
next upshifting process executed with the lack of trans- 
mission input torque T t after termination of the drive 
downshift (e.g., 4->2 downshift) is an upshift (e.g., 2->4 
upshift) through which the transmission is returned to 
the gear position (e.g., 4th-speed gear position) estab- 
lished before the drive downshift. Therefore, in execut- 
ing the next upshifting process, it is possible to attain 
the next shift only by engaging (applying) and disengag- 
ing (releasing) the same friction elements. Thus, the 
second operating mode (Mode 2) contributes to a 
smooth transition from the drive downshift to the next 
upshift. 

[0038] Returning to step S43 of Fig. 5, when the an- 
swer to step S43 is affirmative, that is, Mode 3 (suitable 
to one-way clutch shifting) is selected, the routine pro- 
ceeds from step S43 via steps S49 and S50 to step S51 . 
At step S49, the drive-downshift forcible termination 
control based on the third operating mode (Mode 3) is 
initiated (see the time charts shown in Figs. 8A-8D). The 
drive-downshift forcible termination control based on the 
third operating mode (Mode 3) is hereunder described 
in detail in reference to the time charts of Figs. 8A-8D. 
[0039] Fig. 8A shows the same accelerator-pedal op- 
eration (or the same throttle-opening change) as Figs. 
6A and 7A. At t A , the accelerator pedal is depressed and 
thus the throttle opening TVO is risen, and thereafter at 
t 2 the accelerator pedal is returned to its undepressed 
state and thus the throttle opening is fallen. As can be 
appreciated from the time charts shown in Figs. 8A-8D, 
in particular, as appreciated from a change in a com- 
mand value (Po) of working-fluid pressure on the re- 
leased side (See Fig. 8D) at ^ , a drive downshift occurs 
according to the normal time series control from the time 
point t,. During the drive downshift after t 1f when the 
controller determines the presence of the return of the 
accelerator pedal to the undepressed state by the con- 
dition defined by TVO^TVO s (that is. T t ^T ts ) at t 2 , the 
drive-downshift forcible termination control based on the 
third operating mode (Mode 3) is initiated. According to 
the drive-downshift forcible termination control based on 



the third operating mode (Mode 3), as indicated by the 
solid line in Fig. 8D, after t 2 only the working-fluid pres- 
sure command value Po on the released side is de- 
creased at a predetermined gradient (or a predeter- 
5 mined rate of change) y (see step S49 of Fig. 5), be- 
cause of the one-way clutch shifting in which a friction 
element to be applied does not exist. As discussed 
above, according to the third operating mode (Mode 3), 
the drive-downshift forcible termination control can be 
10 applied to the one-way clutch shifting that a friction ele- 
ment to be applied does not exist. After t 2 , during the 
drive-downshift forcible termination control based on the 
third operating mode, the transmission output torque 
and turbine speed N t vary like the respective character- 
is istic curves indicated by the solid lines in Figs. 8B and 
8C. The previously-noted time rate of change y of work- 
ing-fluid pressure command value Po of the released 
side is preset to a maximum gradient above which un- 
dershoot of working-fluid pressure on the released side 
20 subjected to pressure-reduction control takes place. In 
other words, the predetermined time rate of change y is 
preset to a maximum time rate of change of a range with- 
in which there is no undershoot of working-fluid pressure 
on the released side during the pressure-reduction con- 
25 trol). By way of proper setting of the time rate of change 
y of working-fluid pressure command value Po to the 
predetermined maximum gradient that undershoot of 
working-fluid pressure on the released side does not oc- 
cur, according to the drive-downshift forcible termination 
30 control based on the third operating mode (Mode) it is 
possible to terminate the drive downshift control per- 
formed by the one-way clutch shifting for as short a time 
interval as possible without hindrance to drive downshift 
control itself. As can be seen from step S50 of Fig. 5, 
35 the drive-downshift forcible termination control based on 
the third operating mode is executed continuously, until 
a pressure drop of working-fluid pressure command val- 
ue Po of the released side reaches a zero pressure lev- 
el. At step S50, as soon as the controller determines 
40 that a necessary condition defined by Po^O is satisfied 
(see the time point te of Fig. 8D), the routine flows from 
step S50 to step S51. At step S51 or at t 6 , the drive 
downshift control terminates. As can be appreciated 
from a period of time between % and t 7 , a next shifting 
45 process, which may occur owing to the return of the ac- 
celerator pedal to the undepressed state can be pre- 
vented or inhibited for a predetermined brief moment (t 7 - 
t 6 ). When the predetermined time period (t 7 -t 6 ) between 
t 6 and t 7 has expired, the next shifting process is started, 
so so as to prevent the drive-downshift forcible termination 
control from exerting a bad influence upon the next shift- 
ing process executed subsequently to the drive down- 
shift. Returning to steps S46 or S50, when the answer 
to step S46 is negative, or when the answer to step S50 
55 is negative, the program returns from the selected op- 
erating mode execution routine to the normal automatic 
shift control routine. 

[0040] As will be appreciated from the above, accord- 
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ing to the shift control device of the embodiment, in de- 
termining the presence or absence of a iack of transmis- 
sion input torque during drive downshift, that is, in de- 
termining whether there is a reduction in the rate of 
change in transmission input speed, arising from a drop 5 
in the transmission input torque, prior to execution of the 
drive-downshift forcible termination control, the previ- 
ously-described two necessary conditions defined by 
AN t ^AN ts and T t ^T ts (i.e., TVO ^TVO s ) are used. 
Thus, there is no risk erroneously determining a state 10 
defined by AN t ^AN ts but T t >T ts as the presence of the 
lack of transmission input torque. This eliminates waste- 
ful executions of the drive-downshift forcible termination 
control, thus preventing undesired shift shocks, and 
avoiding the previously-described first problem. As a 15 
necessary condition used to determine that the rate of 
change in transmission input speed reduces owing to 
the lack of transmission input torque, a comparison re- 
sult representing whether the time rate of change AN t in 
transmission input speed is less than or equal to the pre- 20 
determined positive small speed value AN ts is used. 
Therefore, even in the presence of a drop in transmis- 
sion input torque such that the transmission input speed 
continues to rise slightly, it is possible to detect a reduc- 
tion in the time rate of change in transmission input 25 
speed arising from the lack of transmission input torque. , 
At this time, switching from the normal time series con- 
trol (the normal shift control processing) to the drive- 
downshift forcible termination control is made. This pre- 
vents an undesired long downshifting time duration, 30 
thus avoiding the previously-described second problem. 
Additionally, in the shift control device of the embodi- 
ment, the predetermined small speed value AN ts is set 
to an upper limit of the time rate of change in transmis- 
sion input speed (turbine speed that a shifting time 35 
period obtained when continuing the normal automatic 
shift control (the normal time series control) even in the 
presence of the lack of transmission input torque T t dur- 
ing the drive downshift control exceeds a predetermined 
threshold value (a predetermined long time period). By 40 
proper setting of the predetermined small speed value 
AN ts to the upper limit of the time rate of change in trans- 
mission input speed, the shift control device of the em- 
bodiment can accurately determine whether or not the 
second problem occurs. When there is a less possibility 45 
that the second problem occurs, the transmission con- 
troller acts to continue the normal automatic shift con- 
trol. Only when there is a possibility that the second 
problem occurs, the transmission controller initiates the 
drive-downshift forcible termination control. Further- 50 
more, in the shift control device of the embodiment, the 
predetermined torque threshold value T ts is set to an 
upper limit value of a torque range within which it is im- 
possible to rise transmission input speed N t up to a . 
speed value above a speed needed to advance shifting 55 
(exactly, drive downshift) at a predetermined shifting 
speed. This more reliably avoids the previously-de- 
scribed first problem. 



[0041] In the shown embodiment, the lack of trans- 
mission input torque takes place when the accelerator 
pedal is shifted from the depressed state to unde- 
pressed state by the driver during drive downshift con- 
trol. Note that the state of the lack of transmission input 
torque also occurs during downshift based on manual 
shifting with the accelerator pedal depressed. In such a 
case, the drive-down shift forcible termination control ex- 
ecuted by the shift control device of the present inven- 
tion can be applied in the same manner as described 
above. In the shown embodiment, as appreciated from 
a group of solenoid valves (9, 10, 11, 12, 13) mounted 
in control valve body 8 shown in Fig. 1 , automatic trans- 
mission 2 is exemplified in a direct-operated solenoid 
valve type automatic transmission that working-fluid 
pressures applied to the respective friction elements 
can be individually controlled. Alternatively, the shift 
control device of the invention can be applied to a shift- 
valve type automatic transmission that working-fluid 
pressures applied to the respective friction elements 
cannot be individually controlled. 
[0042] The entire contents of Japanese Patent Appli- 
cation No. P2000-282323 (filed September 18, 2000) is 
incorporated herein by reference. 
[0043] While the foregoing is a description of the pre- 
ferred embodiments carried out the invention, it will be 
understood that the invention is not limited to the partic- 
ular embodiments shown and described herein, but that 
various changes and modifications may be made with- 
out departing from the scope or spirit of this invention 
as defined by the following claims. 



Claims 

1 . A shift control device for an automatic transmission 
capable of automatically shifting to a desired gear 
position by selectively engaging a plurality of friction 
elements via working-fluid pressure, and of switch- 
ing to a drive-downshift forcible termination control 
when a time rate of change in transmission input 
speed is reduced to below a threshold value owing 
to a drop in transmission input torque during drive 
downshift from a higher gear position to a lower 
gear position with an accelerator pedal depressed, 
said shift control device comprising: 

a drive-downshift forcible termination control 
section that executes the drive-downshift forci- 
ble termination control only when the time rate 
of change in transmission input speed is re^ 
duced to below a first predetermined threshold 
value and a value equivalent to the transmis- 
sion input torque is reduced to below a second 
predetermined threshold value, to forcibly ter- 
minate the drive downshift. 

2. The shift control device as claimed in claim 1, 
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wherein the first predetermined threshold value 
(AN ts ) for the time rate of change (AN t ) in transmis- 
sion input speed (N t ) is set to an upper limit above 
which a shifting time period obtained in absence of 
switching to the drive-downshift forcible termination 5 
control exceeds a predetermined time period. 

The shift control device as claimed in claim 1, 
wherein the second predetermined threshold value 
(T ts ) for the value equivalent to the transmission in- n> 
put torque is set to an upper limit value of a torque 
range within which it is impossible to rise the trans- 
mission input speed (Nj) up toa speed value above 
a speed needed to advance the drive downshift at 
a predetermined shifting speed. 15 

The shift control device as claimed in claim 1, 
wherein when the drive downshift is a one-way 
clutch shift caused by self-engagement of a one- 
way clutch while releasing a friction element being 20 
in its engaged state, the drive-downshift forcible ter- 
mination control is performed by decreasing a work- 
ing-fluid pressure of the friction element at a prede- 
termined time rate of change fy). 

25 

The shift control device as claimed in claim 4, 
wherein the predetermined time rate of change (y) 
is preset to a maximum rate of change of a range 
within which there is no undershoot of the working- 
fluid pressure of the friction element. 30 

The' shift control device as claimed in claim 4, 
wherein a determination of termination of a drive 
downshift control is made at a time fo) when the 
working-fluid pressure is reduced to below a prede- 35 
termined pressure level, and a next shifting process 
is inhibited for a period of time (t 5 -t 4 ) from the time 
(t 4 )- 

The shift control device as claimed in claim 1, 40 
wherein when the drive downshift is a non one-way 
clutch shift without self-engagement of a one-way 
clutch, the drive-downshift forcible termination con- 
trol is performed by increasing a working-fluid pres- 
sure of a first friction element to be applied at a pre- *s 
determined time rate of change (a) and by decreas- 
ing a working-fluid pressure of a second friction el- 
ement to be released at a predetermined time rate 
of change (0). 

50 

The shift control device as claimed in claim 7, 
wherein each of the predetermined time rate of 
change (a) for the first friction element to be applied 
and the predetermined time rate of change (P) for 
the second friction element to be released is preset 55 
so that a shifting time period does not exceed a pre- 
determined time period. 



9. The shift control device as claimed in claim 8, 
wherein the predetermined time rate of change (a) 
for the first friction element to be applied and the 
predetermined time rate of change (0) for the sec- 
ond friction element to be released are determined 
depending upon both a quantity of state related to 
the transmission input torque (T t ) and a quantity of 
state related to a difference in transmission input 
speeds before and after shifting, so as to provide a 
desired shift feeling. 

10. The shift control device as claimed in claim 7, 
wherein when a first condition that the drive down- 
shift is the non one-way clutch shift, a second con- 
dition that there is a possibility of pull-in torque 
shocks during an execution cycle of the drive-down- 
shift forcible termination control, and a third condi- 
tion that a next shifting process executed after ter- 
mination of a drive downshift control is an upshift 
that returns to a gear position established before the 
drive downshift are all satisfied, the drive-downshift 
forcible termination control is performed by imme- 
diately increasing the working-fluid pressure of the 
first friction element to be applied up to a predeter- 
mined maximum pressure level and by immediately 
decreasing the working-fluid pressure of the second 
friction element to be released down to a predeter- 
mined minimum pressure level, so as to be able to 
immediately start the next shifting process. 

1 1 . A shift control device for an automatic transmission 
capable of automatically shifting to a desired gear 
position by selectively engaging a plurality of friction 
elements via working-fluid pressure, and of switch- 
ing to a drive-downshift forcible termination control 
when a time rate of change in transmission input 
speed is reduced to below a threshold value owing 
to a drop in transmission input torque during drive 
downshift from a higher gear position to a lower 
gear position with an accelerator pedal depressed, 
said shift control device comprising: 

(a) a drive-downshift control determining sec- 
tion that determines whether the transmission 
is in a drive downshift control; 

(b) an inertia phase control determining section 
that determines whether the transmission is in 
an inertia phase control according to which a 
transmission input speed is rising to an after- 
shifting synchronous speed; 

(c) an arithmetic-calculation section that calcu- 
lates a time rate of change (AN t ) in transmission 
input speed (Nt); 

(d) a first comparison section that compares the 
time rate of change (AN t ) in transmission input 
speed to a first predetermined threshold value 
(AN ts ); 

(e) an estimation section that estimates a value 
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equivalent to the transmission input torque (T t ); 

(f) a second comparison section that compares 
the value equivalent to the transmission input 
torque (T t ) to a second predetermined thresh- 
old value (T ts ); and 5 

(g) a drive-downshift forcible termination con- 
trol section that executes the drive-downshift 
forcible termination control only when the time 
rate of change (AN t ) in transmission input 
speed is reduced to below the first predeter- 10 
mined threshold value (AN ts ) and the value 
equivalent to the transmission input torque (T t ) 

is reduced to below the second predetermined 
threshold value (T ts ), to forcibly terminate the 
drive downshift. 15 

12. The shift control device as claimed in claim 11 p fur- 
ther comprising: 

(h) a first determining section that determines 20 
whether the drive downshift is a one-way cjutch 
shift caused by self-engagement of a one-way 
clutch while releasing a friction element being 

in its engaged state or a non one-way clutch 
shift; ' 25 

(i) a second determining section that deter- 
mines whether there is a possibility of a great 
vehicle deceleration rate occurring owing to a 
big difference in transmission input speeds be- 
fore and after shifting and a great negative en- 30 
gine output torque; 

(j) a third determining section that determines 
whether a next shifting process executed after 
termination of the drive downshift control is an 
upshift that returns to a gear position estab- 35 
lished before the drive downshift; and 
(k) a mode-selection section that selects a first 
operating mode that forcibly terminates the in- 
ertia phase control with a first predetermined 
time delay when the drive downshift is the non *o 
one-way clutch shift without self-engagement 
of a one-way clutch and there is a less possi- 
bility of the great vehicle deceleration rate, and 
selects a second operating mode that immedi- 
ately forcibly terminates the drive downshift 45 
control and immediately start the next shifting 
process when the drive downshift is the non 
one-way clutch shift and there is a possibility of 
the great vehicle deceleration rate and the next 
shifting process executed after termination of 50 
the drive downshift control is the upshift that re- 
turns to the gear position established before the 
drive downshift, and selects a third operating 
mode that forcibly terminates the drive down- 
shift control with a second predetermined time 55 
delay when the drive downshift is the one-way 
clutch shift with self-engagement of the one- 
way clutch. 



13. The shift control device as claimed in claim 12, 
wherein at the first operating mode a working-fluid 
pressure of a first friction element to be applied is 
increased at a predetermined time rate of change 
(a) and a working-fluid pressure of a second friction 
element to be released is decreased at a predeter- 
mined time rate of change (P), and at the second 
operating mode the working-fluid pressure of the 
first friction element is immediately increased up to 
a predetermined maximum pressure level and the 
working-fluid pressure of the second friction ele- 
ment is immediately decreased down to a predeter- 
mined minimum pressure level, and at the third op- 
erating mode only the working-fluid pressure of the 
second friction element is decreased at a predeter- 
mined time rate of change (7), and wherein the first 
predetermined time delay is determined based on 
the predetermined time rate of change (a) for the 
first friction element to be applied and the predeter- 
mined time rate of change (P) for the second friction 
element to be released, and the second predeter- 
mined time delay is determined based on the pre- 
determined time rate of change 

(7) for the second friction element to be re- 
leased. 

14. The shift control device as claimed in claim 13, 
wherein each of the predetermined time rate of 
change (a) for the first friction element to be applied 
and the predetermined time rate of change (0) for 
the second friction element to be released is preset 
so that a shifting time period does not exceed a pre- 
determined time period. 

15. The shift control device as claimed in claim 14, 
wherein the predetermined time rate of change (a) 
for the first friction element to be applied and the 
predetermined time rate of change (P) for the sec- 
ond friction element to be released are determined 
depending upon both a quantity of state related to 
the transmission input torque (T t ) and a quantity of 
state related to a difference in transmission input 
speeds before and after shifting, so as to provide a 
desired shift feeling. 

16. The shift control device as claimed in claim 15, 
wherein the predetermined time rate of change (y) 
is preset to a maximum rate of change of a range 
within which there is no undershoot of the working- 
fluid pressure of the second friction element. 

17. The shift control device as claimed in claim 16, 
wherein a determination of termination of the drive 
downshift control is made at a time (t 4 ; t 6 ) when the 
working-fluid pressure of the second friction ele- 
ment is reduced to below a predetermined pressure 
level, and a next shifting process is inhibited for a 
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FIG. 3 
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FIG.4 
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